A Gram-stain-negative, aerobic, rod-shaped, non-motile and pale yellow-pigmented bacterial strain, designated as HY03 T The genus Flaviaesturariibacter in the family Chitinophagaceae, phylum Bacteroidetes, was proposed by Kang et al.
The genus Flaviaesturariibacter in the family Chitinophagaceae, phylum Bacteroidetes, was proposed by Kang et al. [1] to accommodate bacteria characterized as Gram-stainnegative, non-motile rods containing menaquinone 7 (MK-7) as the respiratory quinone, phosphatidylethanolamine, unknown aminolipids and lipids as the major polar lipids, and iso-C 15 : 1 G, iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 1 !5c as main fatty acids. At the time of writing, the genus Flaviaesturariibacter comprised a single species, Flaviaestuariibacter amylovorans GCR0105 T (www.bacterio.net/flaviaesturariibacter.html), which was isolated from estuarine water. While screening for novel bacteria, strain HY03
T was isolated from mountain soil in Chungju-si, Chungcheongbuk-do, South Korea. Based on 16S rRNA gene sequence analysis, this isolate was considered to be a Flaviaesturariibacter-like strain. HY03
T was investigated in detail using a polyphasic taxonomic approach that included genotypic, chemotaxonomic and phenotypic analyses. The results indicate that strain HY03
T should be placed in the genus Flaviaesturariibacter as a representative of a novel species.
Strain HY03
T was isolated from mountain soil collected in Chungju-si, Chungcheongbuk-do (37 02¢ 12.62¢¢ N 127 42¢ 25.09¢¢ E), South Korea. One gram of soil sample was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and subsequently diluted serially in the same buffer. Aliquots of 100 µl of each dilution were spread onto R2A agar plates (Difco) and incubated at 25 C for 1 week under aerobic conditions. Single colonies on the plates were purified by transferring the colonies onto fresh plates followed by incubation under the same conditions. Strain HY03
T was routinely cultured on R2A agar at 25 C and maintained as a glycerol suspension (20 %, w/v) at À70 C. Flaviaesturariibacter amylovorans KACC 16454 T was obtained from the Korean Agricultural Culture Collection and used as a reference strain.
For phylogenetic analysis, the 16S rRNA gene was amplified from chromosomal DNA using the universal bacterial primers 9F and 1512R as described previously [2] , and purified PCR products were sequenced by Genotech. The nearly complete 16S rRNA gene sequences were assembled using SeqMan software (DNASTAR). Phylogenetic neighbours were identified, and pairwise 16S rRNA gene sequence similarities were calculated using both the EzTaxon-e server [3] and NCBI BLAST searches. The 16S rRNA gene sequences of related taxa were obtained from GenBank and aligned with that of strain HY03 T using the program CLUSTAL X [4] . Phylogenetic trees were reconstructed with MEGA6 software [5] using the neighbour-joining [6] and maximum-parsimony [7] algorithms with bootstrap values based on 1000 replications [8] . Distance matrix options were calculated according to the Tamura three-parameter model [5] .
The Gram reaction with strain HY03
T was examined using a staining method [9] . The morphology and motility of cells of strain HY03
T , grown for 3 days at 25 C on R2A agar, were observed under an Olympus light microscope (Â1000 magnification) and a Hitachi HT7700 transmission electron microscope. Growth was assessed on Luria-Bertani (LB) agar, nutrient agar (NA) and trypticase soy agar (TSA; all from Difco) at 25 C. Catalase activity was determined by assessing the production of bubbles in 3 % (v/v) H 2 O 2 , and oxidase activity was tested using 1 % (w/v) tetramethyl-pphenylenediamine [10] . The effect of pH on growth was evaluated in R2A broth using three different buffers (final concentration, 100 mM): sodium acetate buffer (for pH 4.0-6.0), potassium phosphate buffer (for pH 7.0-8.0) and Tris buffer (for pH 9.0-10.0). Growth at 4, 10, 15, 20, 25, 30, 37 and 42 C was assessed after incubation for 7 days on R2A agar. Salt tolerance was tested in R2A broth supplemented with 0.5, 1, 2, 3, 4, 5 or 10 % (w/v) NaCl after 7 days of incubation. Enzyme activities, assimilation of carbon sources, acid production from substrates and other physiological characteristics were determined by inoculating API ZYM, API 20 NE, API ID 32 GN and API 50 CH strips according to the manufacturer's instructions (bioM erieux).
Genomic DNA from strain HY03
T was extracted according to the standard CTAB/NaCl protocol [11] . The DNA G+C content of strain HY03
T was determined by reversed-phase HPLC analysis of individual nucleosides resulting from DNA hydrolysis and dephosphorylation using nuclease P1 and alkaline phosphatase [12] . Single-stranded DNA from salmon testes (D7656; Sigma; DNA G+C content, 41.2 mol%) was used as a standard. Cellular fatty acids of strain HY03
T were analysed using cultures grown on R2A agar for 3 days at 25 C. Fatty acid methyl esters generated by saponification, methylation and extraction were analysed by GC with the Sherlock Microbial Identification System (TSBA, version 6.0; MIDI) [13] . Polar lipids were extracted as described by Minnikin et al. [14] and identified by twodimensional TLC, followed by spraying with the appropriate detection reagents [15] . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under a vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The extract was purified using Sep-Pak Silica Vac cartridges
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Ferruginibacter yonginensis HME8442 T (KC690144) (Waters) and then analysed by HPLC as described previously [16] .
A nearly complete 16S rRNA gene sequence of strain HY03 T (1469 bp) was obtained. Based on 16S rRNA gene sequence similarities, the closest relative of strain HY03 T was determined to be Flaviaesturariibacter amylovorans GCR0105 T (95.4 %). Levels of sequence similarity to members of other genera (Flavisolibacter, Cnuella and Niastella) of the family Chitinophagaceae were less than 94.4 %. Phylogenetic analysis of the new isolate, determined by the neighbour-joining and maximum-parsimony algorithms, revealed that strain HY03
T clustered with Flaviaesturariibacter amylovorans GCR0105
T with high bootstrap values of 75 and 98 %, using each of the methods described above (Figs 1 and S1 , available in the online Supplementary Material). The generally accepted criteria for delineating bacterial species state that strains showing 16S rRNA gene sequence dissimilarity above 3 % are considered to belong to separate species [17, 18] . Based on this definition, the above data indicate that strain HY03
T should be considered a representative of a novel species in the genus Flaviaesturariibacter.
Strain HY03
T was a Gram-stain-negative, aerobic, rodshaped, pale yellow-pigmented and non-motile bacterium, showing characteristics typical of the genus Flaviaesturariibacter [1] . Cells were mesophilic and grew at 10-37 C, but not at 4 or 42 C, with an optimum temperature of approximately 25
C. This strain grew at pH 7-8, with optimal growth at pH 7. Growth occurred on R2A agar, but not on NA, TSA or LB agar. Phenotypic and chemotaxonomic characteristics that differentiate strain HY03
T from the closely related Flaviaesturariibacter amylovorans GCR0105 T are listed in Table 1 . Strain HY03 T exhibited contrasting characteristics from strain GCR0105
T based on its inability to produce esterase (C4), and to hydrolyse aesculin and gelatin, and its ability to produce a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucosidase, a-mannosidase and trypsin. The large cell size (0.9-1.2Â5.1-12.5 µm) (Fig. S2) , wide temperature growth range (10-37 C), narrow pH growth range (7-8) and inability to grow on NA also distinguished the isolate from Flaviaesturariibacter amylovorans GCR0105 T .
The chromosomal DNA G+C content of strain HY03 T was 43.2 mol%, which is close to that of the reference species Flaviaesturariibacter amylovorans GCR0105 T [1] . The major cellular fatty acids of strain HY03 T (!10 %) were iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. This profile is similar to that of the phylogenetically closest related species Flaviaesturariibacter amylovorans GCR0105 T (Table 2 ). However, some qualitative and quantitative differences in fatty acid content were observed between strain HY03 T and its closest relative. Specifically, strain HY03
T could be differentiated from GCR0105
T based on its lower content of C 16 : 1 !5c and significantly higher amount of anteiso-C 15 : 0 , by the presence of a moderate amount of C 16 : 0 N alcohol and small quantities of C 16 : 0 3-OH and C 18 : 0 . Similarly to Flaviaesturariibacter amylovorans GCR0105
T [1] , strain HY03 T contained large amounts of phosphatidylethanolamine and moderate amounts of an unknown aminophospholipid. In addition, the polar lipid profile of the isolate revealed moderate amounts of two unknown phospholipids and two unknown lipids and small amounts of four unknown aminolipids, four unknown aminophospholipids, two unknown phospholipids and three unknown lipids (Fig. S3) . The predominant respiratory quinone in strain HY03
T was MK-7, which is in accordance with its assignment to the genus Flaviaesturariibacter [1] .
Based on phenotypic data and phylogenetic analysis, strain HY03
T is a member of the genus Flaviaesturariibacter. However, a range of phenotypic characteristics differentiated strain HY03
T from Flaviaesturariibacter amylovorans GCR0105 T (Table 1) . Therefore, based on the data 
DNA G+C content (mol%) 43.2 42.9* *Data from Kang et al. [1] . †Kang et al. [1] reported weak positive activity.
Okiria
presented, strain HY03 T should be placed in the genus Flaviaesturariibacter as a representative of a novel species, for which the name Flaviaesturariibacter terrae sp. nov. is proposed.
DESCRIPTION OF FLAVIAESTURARIIBACTER TERRAE SP. NOV.
Flaviaesturariibacter terrae (ter¢rae. L. gen. n. terrae of the soil).
Cells are Gram-stain-negative, non-motile, aerobic and rodshaped (0.9-1.2 µm wide and 5.1-12.5 µm long). After 3 days of incubation at 25 C on R2A agar, colonies are pale yellowcoloured, 1-2 mm in diameter, circular and convex. Cells grow on R2A agar, but not on NA, LB agar or TSA. Growth occurs at 10-37 C and pH 7-8, with optimal growth at 25 C and pH 7. The presence of more than 0.5 % (w/v) NaCl inhibits growth in R2A broth. Both oxidase and catalase activity are positive. Nitrate reduction and indole production are negative. Positive for N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, a-chymotrypsin, a-galactosidase, bgalactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, a-mannosidase and trypsin activities. Weakly positive for cystine arylamidase, esterase (C8), lipase (C14), naphthol-AS-BI-phosphohydrolase and valine arylamidase activities. 
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